Volume 51, Number 7, 2014

Pages 1023-1034

JRRD

Factors associated with neurocognitive performance in OIF/OEF
servicemembers with postconcussive complaints in postdeployment

clinical settings

Douglas B. Cooper, PhD;*?" Rodney D. Vanderploeg, PhD;1 Patrick Armistead-Jehle, PhD;* Jeffrey D. Lewis,

MD, PhD;®> Amy O. Bowles, MD®

!Defense and Veterans Brain Injury Center, Silver Spring, MD; 2Department of Neurology, San Antonio Military Med-
ical Center, Fort Sam Houston, TX; 3James A. Haley Veterans’ Hospital, Tampa, FL; and Departments of Psychiatry
and Neurosciences, and Psychology, University of South Florida, Tampa, FL; 4Concussion Clinic, Munson Army
Health Center, Fort Leavenworth, KS; SBehavioral Neurology Unit, National Institute of Neurological Disorders and
Stroke, Bethesda, MD; 6Department of Orthopedics & Rehabilitation, Traumatic Brain Injury Service, San Antonio

Military Medical Center, Fort Sam Houston, TX

Abstract—Cognitive difficulties are frequently reported by
Operation lIragi Freedom/Operation Enduring Freedom mili-
tary personnel who sustained mild traumatic brain injuries
(TBIs). The current study examined several potential factors
that may contribute to self-reported cognitive difficulties in
postdeployment clinical settings. Eighty-four subjects who sus-
tained a mild or moderate TBI and reported cognitive difficul-
ties underwent neurocognitive testing. Multiple regression
analyses were used to determine the amount of variance in neu-
rocognitive performance accounted for by the predictor vari-
ables (demographic, mechanism of injury, time since injury,
headache severity, combat stress, postconcussive complaints,
and effort/performance validity). The predictor variables col-
lectively accounted for 51.7% of the variance in cognitive per-
formance (F (8,72) = 11/99, p < 0.001). The most potent
predictor of cognitive functioning was performance validity/
effort, which uniquely accounted for 16.3% of the variance
(p < 0.01). Self-reported symptom severity, including postcon-
cussive complaints, combat stress, and headache intensity,
accounted for 7.2% of the variance (p < 0.05). Demographic
factors and injury characteristics, such as time since injury and
mechanism of injury, were not significant predictive factors of
cognitive performance. The findings of the current study
underscore the need to include measurement of effort as part of
neurocognitive evaluation in postdeployment settings when
evaluating cognitive complaints associated with mild TBI.

Key words: blast injuries, cognitive complaints, combat veter-
ans, mild traumatic brain injury, neuropsychological assess-
ment, OIF/OEF, performance validity, postconcussive
symptoms, postdeployment, posttraumatic stress disorder.

Abbreviations: ACRM = American Congress of Rehabilitation
Medicine; AHLTA = Armed Forces Health Longitudinal Technol-
ogy Application; BAMC = Brooke Army Medical Center; DOD =
Department of Defense; DSM-IV-TR = Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition, Text Revision; DVBIC =
Defense and Veterans Brain Injury Center; GCS = Glasgow Coma
Scale; HIT-6 = Headache Impact Test; LOC = loss of conscious-
ness; mTBI = mild traumatic brain injury; NSI = Neurobehavioral
Symptom Inventory; OEF = Operation Enduring Freedom; OIF =
Operation Iragi Freedom; PCL-M = Posttraumatic Stress Disorder
Checklist-Military Version; PTA = posttraumatic amnesia; PTSD =
posttraumatic stress disorder; PVT = performance validity test;
RBANS = Repeatable Battery for the Assessment of Neuropsycho-
logical Status; RBANS EI = RBANS Effort Index; TBI = traumatic
brain injury; VA = Department of Veterans Affairs.

*Address all correspondence to Douglas B. Cooper, PhD;
Defense and Veterans Brain Injury Center, San Antonio
Military Medical Center, MCHE MDU (DVBIC), 3551
Roger Brooke Dr, JBSA Fort Sam Houston, TX 78234-

4504. Email: douglas.b.cooper.ctr@mail.mil
http://dx.doi.org/10.1682/JRRD.2013.05.0104

Defining
Mﬁ EXCELLENCE

CARE | in the 21st Century




1024

JRRD, Volume 51, Number 7, 2014
INTRODUCTION

Traumatic brain injury (TBI) and the subsequent
experience of postconcussive syndrome have been
referred to as signature injuries among combat veterans
involved in Operation Enduring Freedom (OEF) and
Operation Iraqi Freedom (OIF). The Defense and Veter-
ans Brain Injury Center (DVBIC) estimates that from
2001 through June 2011, approximately 267,000 individ-
uals experienced a TBI during OIF/OEF operations [1].
The vast majority of these TBIs (i.e., approximately
80%) meet criteria for the mild variant of this condition
[1]. While servicemembers who experience mild TBI
(mTBI) frequently report residual cognitive complaints
postdeployment [2-3], objective performances on neuro-
cognitive measures have been shown to correlate poorly
with subjective reports of cognitive symptoms in this
patient population [2,4-5].

A range of factors could result in the cognitive com-
plaints reported by these servicemembers in postdeploy-
ment settings. A number of studies have found increases
in subjective reports of cognitive difficulties in those
with chronic pain [6-7]. Additionally, objective deficits
have been demonstrated in both acute and chronic pain
samples in a number of cognitive domains, including
memory, attention, verbal fluency, and processing speed
[8-9]. Sleep difficulties can also potentially affect neuro-
cognitive functioning and/or perception of cognitive
functioning. The literature generally suggests that while
adults with insomnia report cognitive deficits, differences
on objective neurocognitive measures between patients
diagnosed with insomnia and controls are at best incon-
sistently found. For instance, a study by Orff et al. dem-
onstrated that while their sample diagnosed with primary
insomnia reported greater subjective cognitive deficits
than a nondisabled control group, there were no differ-
ences in objective performances across measures of
attention, motor speed, verbal fluency, or verbal learning
and memory [10]. This conclusion has been replicated in
other samples [11-13]. As such, while the current litera-
ture fails to consistently demonstrate an association
between insomnia and objective cognitive deficits, it
does suggest that sleep disturbance contributes to self-
reported cognitive difficulties.

Given that an estimated 19 to 44 percent of combat
veterans return from OIF/OEF deployments with mental
health symptoms or diagnoses [14-15], such factors are
of importance when considering the source of self-

reported or objective cognitive deficits in postdeploy-
ment servicemembers. For instance, clinical depression
(or associated symptoms such as fatigue or limited moti-
vation) have also been shown to variably affect neuro-
cognitive test performances across a range of domains
[5,16-17]. However, as with insomnia, other studies have
demonstrated that depression is not necessarily associ-
ated with objective neurocognitive decline [18-19] and
may, then, relate only to self-reported cognitive abilities.
A diagnosis of posttraumatic stress disorder (PTSD) has
been associated with diminished neuropsychological test-
ing across a number of domains, including processing
speed [5,20], attention and executive functioning [5,21-
24], and memory [5,24-26]. (For a review of neuropsy-
chological findings in PTSD, see Vasterling and Brailey
[16]). Of note, few of these studies have considered the
potential effect of performance validity on cognitive test
performances. Consequently (and similar to clinical
depression), the effect of PTSD on cognitive functioning
could be circumscribed to subjective report rather than
objective deficits.

A potentially obvious source of variance when
attempting to account for the cognitive deficits reported
by postdeployment servicemembers is their history of
brain injury. A large body of research has found that
moderate and severe TBI can have long-term influences
on cognitive functioning (for a review, see Dikmen et al.
[27]). However, the extant literature largely suggests that
a history of mTBI has few (if any) lasting symptoms and
that any degree of postconcussive symptoms experienced
after such an injury is likely a result of multiple factors,
including nonneurological causes [27-31].

In the recent past, an accumulating number of studies
[32-34] have demonstrated that effort has a more perva-
sive influence on neurocognitive test performance than
do clinical or demographic factors. For instance, Meyers
et al. demonstrated that 50 percent of the variance in a
full neuropsychological test battery was accounted for by
failure on a comprehensive system of internal perfor-
mance validity tests (PVTs) [35]. These findings are of
particular importance in postdeployment settings, in
which a notable number of patients have been shown to
evidence suboptimal effort on various PVTs [36-38],
especially when examined in the context of Department
of Veterans Affairs (VA) disability determination [39-
40]. Note that these studies may not be representative of
the entire military and VA population, because they pri-
marily examined individuals seeking care and/or service
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connection in the VA system and only a small percentage
of individuals who sustain injuries during deployment are
represented in these samples. However, an empirical
examination of effort in postdeployment clinical settings
appears warranted.

The primary aim of the current study was to investigate
the effect of various factors, including effort, demograph-
ics, symptom complaints, and potential comorbidities, on
neurocognitive functioning in servicemembers who sus-
tained a concussion and reported cognitive difficulties fol-
lowing combat deployments to Iraq or Afghanistan. We
hypothesized that effort, psychiatric comorbidity, and
chronic pain would have the greatest effects on neurocogni-
tive performance in this sample. Our secondary aim was to
examine whether other factors, such as demographics,
injury characteristics, combat stress, and/or symptom com-
plaints, were contributing to lower performance on cogni-
tive testing in those individuals determined to have been
putting forth adequate effort. Although similar studies have
been conducted in specialty samples [41], this study is one
of the first to examine these factors in a postdeployment
general clinical sample.

METHODS

Participants and Procedures

This archival study was approved by the institutional
review board at Brooke Army Medical Center (BAMC).
Participants were identified from OIF/OEF military ser-
vicemembers presenting to the TBI Clinic at BAMC for
treatment of suspected/known mTBI between January
2008 and January 2010. Initial screening of the sample
and diagnosis of TBI were made through record review
(see next paragraph for further details) and a semistruc-
tured clinical interview conducted by either a physician,
physician assistant, or advanced nurse practitioner. Indi-
viduals with cognitive complaints were subsequently
referred for neurocognitive screening as part of compre-
hensive work-up and treatment recommendations. A total
of 120 servicemembers completed neurocognitive screen-
ing and served as the sample pool for the current investi-
gation. None of the neurocognitive evaluations were
completed as part of a medical evaluation board (military
disability) proceeding. Twenty-six subjects were excluded
because of missing data on one or more variables of inter-
est (i.e., demographic, injury characteristics, symptom
self-report). Six subjects were excluded because they were

determined not to have sustained a TBI and four because
they sustained a severe or penetrating TBI. A majority
were male (89.3 percent) with a history of having mTBI
(96.4% mTBI, 3.6% moderate TBI). Other injuries
included burns (3.6%) and amputations (9.5%), although
all could complete neurocognitive testing without modifi-
cation. These are overlapping categories in that several
individuals had more than one type of injury.

The Department of Defense (DOD) utilizes an elec-
tronic medical record system, the Armed Forces Health
Longitudinal Technology Application (AHLTA), that
contains built-in templates that guide the provider with
specific questions and prompts that the clinician can use
to elaborate if necessary. The specific AHLTA template
developed for mTBI was used to structure these inter-
views. Diagnosis of mTBI (concussion) was operation-
ally defined as one or more of the following: loss of
consciousness (LOC) of approximately 30 min or less;
loss of memory for events immediately before (retro-
grade amnesia) or after the injury event (posttraumatic
amnesia [PTA] <24 h); self-report of feeling dazed, dis-
oriented, or confused (alteration in mental state) at the
time of the injury; or Glasgow Coma Scale (GCS) score
>13 or the presence of focal neurological deficits imme-
diately following the event. This diagnosis of mTBI is
consistent with the American Congress of Rehabilitation
Medicine (ACRM) criteria [42]. Moderate TBI was
defined as duration of PTA >24 h but <7 d, GCS score of
9-12, and/or LOC >30 min but <24 h. Individuals who
met ACRM criteria for mTBI but whose records docu-
mented positive neuroimaging findings were classified as
having a moderate TBI, consistent with current DOD
guidance [43]. GCS scores were not always available in
medical records. When GCS scores were available, the
lowest postresuscitation GCS score was used to opera-
tionalize TBI severity. LOC and alteration of conscious-
ness were based on retrospective self-report.

Time since injury to evaluation was calculated and
ranged from 5-2,049 d. Fifty percent of the sample had
their injury within the last 4.5 mo and eighty percent
within the last 1.5 yr. In order to use this variable in predic-
tion analyses and not have it be adversely affected by out-
liers, we recorded individuals with a time since injury
>1.5yr as 550 d postinjury. The study population was
divided into two subgroups on the basis of etiology of the
interview-confirmed mTBI diagnosis: blast (n = 51) and
nonblast (n = 33). If blast was one of multiple mechanisms
of injury, the participant was assigned to the blast group. In
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those individuals who reported more than one concussion,
the most recent concussive event was used to calculate
time since injury.

The final sample consisted of 84 individuals, all of
whom were at least 18 yr of age, spoke English, and had
sustained an injury while on Active Duty military ser-
vice. Demographic, injury characteristics, and symptom
complaint data are presented in Table 1.

Measures

Cognitive Functioning

The Repeatable Battery for the Assessment of Neuro-
psychological Status (RBANS) [42,44] was administered
as a neurocognitive screening instrument as part of the
initial work-up in the TBI Clinic. The RBANS was
administered as a stand-alone instrument and was not
used in combination with a larger battery of neuropsy-
chological tests. The RBANS is a widely used measure
of cognitive functioning and provides five domain index
scores (i.e., immediate memory, visuospatial/construc-
tional, language, attention, and delayed memory) and a
combined total index score. The RBANS has been vali-
dated to assess cognitive functioning among a variety of
populations, including TBI [45]. An Effort Index
(RBANS EI) was calculated for the RBANS based on the
work of Silverberg et al. [46] using digit span and mem-
ory recognition raw scores. Individuals with an RBANS
El greater than zero (i.e., list recognition <18 or digit
span <8) were classified as invalid. Individuals with an

Table 1.
Demographic, injury, and symptom characteristics (n = 84). Data
presented as mean =+ standard deviation unless otherwise indicated.

Characteristic Value
Age (yr) 30.93+7.53
Sex (Male), n (%) 75 (89.3)
Blast Mechanism (Yes), n (%) 51 (60.7)
Days Postinjury 354.43 + 457.02
Days Postinjury Recoded” 244.49 +210.85
HIT-6 Total Score 56.56 + 10.11
NSI Total Score 3452 +17.67
PCL-M Total Score 4255 +17.78
RBANS Total Score 91.31 +16.22

*Subjects >1.5 yr postinjury were recoded to 550 d.

HIT-6 = Headache Impact Test, NSI = Neurobehavioral Symptom Inventory,
PCL-M = Posttraumatic Stress Disorder Checklist—Military Version, RBANS =
Repeatable Battery for the Assessment of Neuropsychological Status.

RBANS EI of zero were classified as valid for the pur-
poses of analysis.

Posttraumatic Stress

The Posttraumatic Stress Disorder Checklist-Military
Version (PCL-M) is a 17-item survey used to screen for
PTSD [47]. Items in this self-report questionnaire parallel
the Diagnostic and Statistical Manual of Mental Disor-
ders, 4th Edition, Text Revision (DSM-1V-TR) symptoms
for PTSD diagnosis, and can be separated into the DSM-
IV-TR’s B, C, and D diagnostic criteria (re-experiencing,
avoidance, and hyperarousal) for provisional PTSD diag-
nosis. Respondents are instructed to indicate the level to
which each symptom bothered them in the last month,
and each item response ranges from 1(not at all) to 5
(extremely); total scores range from 17-85. A 5-10 point
change is considered reliable, and a 10-20 point change
is considered significant. The military version (PCL-M)
asks questions specifically about symptoms related to
military experiences and has been validated in veteran
and military samples [48]. For the current study, PCL-M
raw scores were used to capture the degree of PTSD
symptom severity.

Postconcussive Symptoms

The Neurobehavioral Symptom Inventory (NSI) is a
22-item survey addressing symptoms that may be present
following a concussion [49]. This self-report survey
includes questions covering four basic domains: somatic,
cognitive, sensory, and affective. Respondents are
instructed to rate the severity of each item based on the
degree to which the symptom has disturbed them in the
last 2 wk, using a scale from 0 (none) to 4 (very severe);
total scores range from 0-44. Several factor analyses of
the NSI have been completed in samples of OIF/OEF
veterans and military personnel. When controlling for
PTSD symptoms, one recent factor analysis found a four-
factor solution including cognitive, affective, physical,
and somatic symptoms [50]. A three-factor solution
(affective, cognitive, and sensory/somatic clusters) was
reported through factor analysis of three military OIF/
OEF samples [51].

Headache Intensity

The Headache Impact Test (HIT-6) is a brief, six-item
guestionnaire measuring headache severity and its effect on
daily functioning. It was developed using item response
theory to provide a brief measure of headache-related
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disability [52]. Given the finding of increased headache
in blast-injured individuals in a prior investigation [53], a
specific measure of headache intensity was included in
the study.

Statistical Analysis

First, analyses of variance were used to compare the
valid RBANS group with the invalid RBANS group on
RBANS performance. Then, hierarchical logistic regres-
sion analyses were used to examine the relationship
between cognitive functioning and the following possible
predictor variables: demographic characteristics (age and
sex), injury characteristics (blast vs nonblast mechanism
of injury, time since injury), symptom complaints (HIT-6,
NSI, and PCL-M), and effort (RBANS EI). Sex, mecha-
nism of injury, and RBANS EI were examined as dichot-
omous variables. Variables were entered in blocks. To
determine the unique contribution of each set of predictor
variables, we entered each block last relative to all other
blocks of predictors. The change in variance associated
with the last step represents the unique contribution of
that set of predictors. These analyses were first com-
pleted for the entire sample (n = 84) and then re-run on
the smaller sample with an RBANS EI of zero (valid
RBANS EI subsample, n = 60).

These analyses were run twice, first using the
RBANS Total Score and then using a computed score
eliminating the RBANS indices that included scores used
to calculate the RBANS EI. This was accomplished by
using principal components factor analysis to extract and
save the factor scores for the unrotated one-factor solu-
tion using the following RBANS raw scores as indepen-
dent variables: list learning, story memory, figure copy,
line orientation, picture naming, semantic fluency, cod-
ing, list recall, story recall, and figure recall. Digit span
and list recognition were not included in these analyses,
and they are used to compute the RBANS EI. Factor

Table 2.

scores were significantly correlated with the RBANS
Total Score (r =0.91, p < 0.001).

RESULTS

Demographics, injury variables, symptom complaint,
and overall RBANS performance data are presented in
Table 1. The RBANS scores are interval data with a nor-
mative mean of 100 and a standard deviation of 15. Col-
lectively, participants performed in the lower end of the
average range on the RBANS. Table 2 shows the differ-
ence in RBANS performance between those classified as
valid versus invalid by the RBANS EI. The effect size for
validity is large in all cases. Using the entire sample,
hierarchical logistic regression analyses were used to
examine the predictors of overall RBANS performance.

Table 3 shows that, collectively, predictor variables
accounted for 57.1 percent of the variance in RBANS
performance (F(8,72) = 11.99, p < 0.001). The most
potent predictor was the RBANS EI, uniquely accounting
for 16.3 percent of the variance (p < 0.01). Symptom
severity measures (HIT-6, PCL-M, NSI) were also statis-
tically significant, accounting for 7.2 percent of the vari-
ance in RBANS performance (p < 0.05). Injury
characteristics uniquely accounted for only 1.4 percent
(nonsignificant), and demographic factors uniquely
accounted for 1.3 percent (nonsignificant) in RBANS
Total Score. However, note that most of the predictive
variance was shared among the predictor variables
(30.9%).

Table 3 also shows the variables accounting for vari-
ance in the RBANS Factor Score (eliminating digit span
and list recognition, variables used to calculate the RBANS
El). The RBANS EI was the only variable significantly
predictive of the overall RBANS performance (18.7%

Cognitive performance by domains as well as by valid versus invalid Repeatable Battery for the Assessment of Neuropsychological Status

performance. Data presented as mean + standard deviation.

Domain All Participants (n = 84) Valid (n = 60) Invalid (n = 24) d p-Value
Immediate Memory 88.76 £15.17 92.63+£12.73 79.08 £ 16.65 0.89 0.001
Delayed Memory 87.64 £ 21.40 97.18 £15.25 63.79 £ 15.00 1.56 0.001
Language 91.83 + 15.55 96.42 + 13.45 80.38 + 14.70 1.03 0.001
Visuospatial 108.14 £ 12.62 111.62 +£10.70 99.46 £+ 13.08 0.96 0.001
Attention 91.13+18.26 96.82 £ 15.64 76.92 £16.74 1.09 0.001
Total 91.31£16.22 98.12 £ 11.59 74.29 £13.51 1.47 0.001

Note: Effect size (d) represents differences between valid and invalid cases.
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Table 3.

Variance in Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) Total Score Index explained by independent variables

for all participants (n = 84).

RBANS Total Score

RBANS Factor Score

Variable (%) Block Unique Variable Unique Block Unique Variable Unique
Variance Variance Variance Variance
Demographic 1.3 — 3.1 —
Injury Characteristics 14 — 1.3 —
Symptom Measures 7.2 — 3.8 —
HIT-6 — 0.1 — 0.6
NSI — 11 — 0.4
PCL-M — 0.1 — 0.0
Validity (RBANS EI) 16.3 — 18.77 —
Total Variance 57.1% — 57.1% —
Shared Variance 30.91 — 30.21 —

Note: Demographic variables = age and sex. Injury characteristics = blast-mechanism of injury and time since injury. RBANS Factor Score = unrotated factor score
for one-factor solution of all RBANS subtest raw scores except digit span and list recognition (subtests used to calculate RBANS El).

*p<0.05.
Tp<0.01.

El = Effort Index, HIT-6 = Headache Impact Test, NSI = Neurobehavioral Symptom Inventory, PCL-M = Posttraumatic Stress Disorder Checklist-Military Version.

unique variance). Injury characteristics uniquely accounted
for 1.3 percent (nonsignificant), and demographic factors
uniquely accounted for only 3.1 percent (nonsignificant) in
RBANS Factor Score. Again, most of the predictive vari-
ance was shared among the predictor variables (30.2%).

Within those participants classified as passing the
RBANS EI (n = 60), analyses were conducted to examine
whether demographic, injury, or symptom self-report
measures would be predictive of neurocognitive perfor-
mance. Table 4 shows that, collectively, predictor vari-
ables accounted for 16.7 percent of the variance in
RBANS performance (F(7,49) = 1.40, p = 0.23). No
block of variables or any individual variable was a statis-
tically significant predictor, although the symptom mea-
sures collectively accounted for 11.3 percent of the
unique variance in RBANS performance (p = 0.10). Sim-
ilarly, no block of variables or any individual variable
was a statistically significant predictor of the RBANS
Factor Score (i.e., eliminating digit span and list recogni-
tion scores).

DISCUSSION

The current study sought to examine the potential
influence of various demographic, injury characteristics,
symptom complaint, and effort variables on the neuropsy-
chological functioning of postdeployment Active Duty

servicemembers with cognitive complaints. Predictor
variables in regression analysis accounted for roughly
57 percent of the variance in the neurocognitive screening
measure employed. Injury characteristics (e.g., time since
injury and blast mechanism of injury status) and demo-
graphic variables (e.g., age and sex) were not significant
in the current model. Measures examining the severity of
reported headache, neurologic, and PTSD symptoms
were statistically significant, but together uniquely
accounted for only 7 percent of the variance in neurocog-
nitive performance. By far the most potent unique predic-
tor of neurocognitive performance in the current study
was test taker effort as measured by the RBANS El,
which accounted for >16 percent of the variance.

In the current study, 29 percent of the sample failed
the RBANS EI. A study by Armistead-Jehle and Hansen
found only a 14 percent failure rate on the RBANS EI
(cut score of >1) in their military sample [37]. However,
Armistead-Jehle and Hansen asserted that patient cohort
appeared to have an effect on PVT performance and that
the RBANS EI failure rate reported in this study col-
lapsed two groups with different base rates of stand-alone
PVT failure. More specifically, the study reported select
PVT data on midlevel officers currently enrolled in a
nearly yearlong Command and General Staff College
training course and others not enrolled in this course. It
was asserted that the latter group was more representative
of the Active Duty population in terms of age, rank, and
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Table 4.

Variance in Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) Total Score Index explained by independent variables

for valid RBANS (n = 60).

RBANS Total Score

RBANS Factor Score

Variable (%) Block Unique Variable Unique Block Unique Variable Unique
Variance Variance Variance Variance
Demographic 15 — 3.7 —
Injury Characteristics 3.2 — 1.6 —
Symptom Measures 11.3 — 8.1 —
HIT-6 — 2.3 — 2.2
NSI — 4.0 — 3.0
PCL-M — 0.9 — 1.1
Total Variance 16.7 — 16.2 —
Shared Variance 0.7 — 2.8 —

Note: Only valid RBANS cases included. No block or individual variable was significant in overall model. Demographic variables = age and sex. Injury character-
istics = blast-mechanism of injury and time since injury. RBANS Factor Score = unrotated factor score for one-factor solution of all RBANS subtest raw scores
except digit span and list recognition (subtests used to calculate RBANS Effort Index).

HIT-6 = Headache Impact Test, NSI = Neurobehavioral Symptom Inventory, PCL-M = Posttraumatic Stress Disorder Checklist—Military Version.

education. A re-evaluation of the data in the Armistead-
Jehle and Hansen study showed that of those in their
sample not enrolled in Command and General Staff Col-
lege, 21.3 percent failed the RBANS ELI. This percentage
then appears commensurate in a military sample thought
to be similar to that of the current study.

The finding that test taker effort is an important fac-
tor in neurocognitive test performance is certainly well
founded in the current TBI literature. In fact, in a mixed
clinical and forensic sample of mTBI subjects, Meyers et
al. found that between 35 and 50 percent of the variance
in neuropsychological testing could be accounted for by
performance on various effort measures [35], which far
trumped variance accounted for by psychiatric comorbid-
ities or injury severity. Such a finding has been replicated
numerous times in the TBI literature [32—34]. The current
study then serves to extend these findings to a military
sample. Relative to previous studies, the current data
found that a lower amount of unique variance was
accounted for by performance validity measures, but
when shared variance is added to unique variance, cur-
rent findings are generally comparable (16.3% unique
plus 30.9% shared = 47.2%).

The current findings also highlight the notably sup-
pressed scores across all RBANS scales of individuals
who failed the RBANS El relative to those who passed
the measure. As demonstrated in Table 2, domain score
differences reflect effect sizes (d) of 0.89 to 1.56 between
subjects who passed and failed the RBANS EI across all
index scores. These data would then suggest that if pro-
viders do not consider test taker effort when interpreting

scores in individuals with mTBI, resulting clinical deci-
sions about diagnosis and treatment are likely to be inac-
curate and stand a reasonable chance of misallocating
clinical and administrative resources.

The current study contained a handful of limitations.
First, the index of effort employed in this study likely
lacks sensitivity and may have thus under-represented the
actual variance accounted for by the effort of the patient.
Future research could conduct a similar study with better
validated performance validity tests, including the use of
stand-alone performance validity or effort measures to
replicate these findings. Second, the measure of neuro-
cognitive ability employed in the current study, the
RBANS, was a screening battery and more robust find-
ings could be demonstrated with a more thorough neuro-
psychological battery. Efforts to these ends have been
initiated by Armistead-Jehle and Buican [36], but replica-
tion appears indicated. Third, as shown in Table 3, a por-
tion of the variance in the neurocognitive measure
employed was left unexplained by the variables exam-
ined in the current study. Future research may look to
include additional constructs to increase understanding of
the associated factors contributing to neuropsychological
test performances in this population, including the possi-
ble contribution of secondary gain.

To address our secondary aims, we repeated our
logistic regression, selecting only those who passed the
RBANS EI. In this subsample, a relatively small and
nonsignificant portion of the variance in neurocognitive
functioning was explained by demographic, injury, and
symptom complaint variables included in this study
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(Table 4). The relative homogeneity of the sample (i.e.,
chronic mTBI with higher combat stress symptoms) and
the somewhat narrow scope of psychological and somatic
assessments may have contributed to this finding. Future
research could expand the range of explanatory variables,
including more thorough measures of psychological and
somatic symptoms and general distress.

CONCLUSIONS

The current study replicated previous findings dem-
onstrating that the influence of effort on neurocognitive
testing exceeded other hypothesized factors, including
psychiatric comorbidity and pain. Study results also dem-
onstrate that despite the use of an effort measure with
limited sensitivity, the base rate of PVT failure in a mili-
tary sample was still notable. Taken together, these
results support previous findings [37-38,54] highlighting
the importance of PVTs in an Active Duty military popu-
lation referred for mTBI evaluation.
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